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Executive Summary

The red porgy stock assessment workshop (SAW)1 was convened by the South Atlantic Fishery Man-

agement Council at the NOAA Center for Coastal Fisheries and Habitat Research, Beaufort, North Car-

olina on Monday, April 8. The SAW’s objectives were to conduct an updated stock assessment of the

red porgy, Pagrus pagrus, stock off the southeastern U.S. and to conduct stock projections based on

several possible management regimes (terms of reference, Appendix A). Participants in the workshop

(Appendix B) included state, federal, and university scientists, as well as observers from the Council.

The SAW worked at Beaufort until April 12 and continued its work, communicating by email and con-

ference call, through May 6. All decisions regarding stock assessment methods and acceptable data

were made by a consensus of all participants.

Available data on red porgy include abundance indices and recorded data on landings, including data

on size and age distributions of some landings and indices. Four abundance indices were developed

by the preceding data workshop (DW): two indices derived from catch per unit effort (CPUE) in the

NMFS headboat survey (1976–1991 and 1992–1998) and two derived from CPUE observed by the SC

MARMAP fishery-independent monitoring program (“Florida” trap index, 1983–1987; and chevron trap

index, 1990–2001). Landings data are available from all recreational and commercial fisheries.

In addition to this report, a CD–ROM was produced that contains all data used in the assessments,

reports of the DW, detailed explanation of data used, model runs and results, and computer code that

was used for projection and the detailed projection results. The CD–ROM supplements this report by

providing complete technical detail of the assessment and SAW process.

The SAW applied both age-structured and age-aggregated models to available data. The age-

structured model was considered the primary model, as recommended by the DW.

Results of both models depict a heavily exploited stock with considerable decline over the period

examined. Based on results of the base-case run of the age-structured model, the 2001 spawning stock

size is estimated at about 43% of BMSY while the 2001 fishing mortality rate is estimated at about

45% of FMSY. Thus by standards of the Sustainable Fisheries Act and given the Council’s definition of

MSST = 0.775BMSY, the stock is estimated as overfished (55% of MSST), but not presently undergoing

overfishing. The latter state reflects the restrictions imposed by Amendment 12. Estimates from

sensitivity runs of the age-structured model and from several runs of the production model are quite

similar. The picture of stock status is also consistent with the most recent previous assessment of the

stock.

Stock projections were used to estimate the years in which the stock would have at least a 50%

probability of reaching BMSY under four possible management policies. Results are: under F = 0, by

2010; under a moratorium (bycatch mortality only), by 2013; under Amendment 12, by 2018; under

Amendment 9, not within the 25–year span of the projections.

1Abbreviations and acronyms used in this report are defined in Appendix D on page 41.
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1 Place, time, and tasks

The red porgy stock assessment workshop

(SAW)2 was convened at the NOAA Center for

Coastal Fisheries and Habitat Research, Beaufort,

North Carolina, by the South Atlantic Fishery

Management Council (the Council) and the NMFS

Southeast Fisheries Science Center (the Center).

The SAW met from 3:00 p.m. on Monday, April 8,

to 12:00 noon on Friday, April 12, 2002, with the

SAW continuing its work through May 1, aided by

e-mail and conference-call communications. Par-

ticipation in the workshop (Appendix B) included

scientists from the states of Florida, North Car-

olina, and South Carolina; from NMFS laborato-

ries and offices in Beaufort, Miami, Pascagoula

(MS), Silver Spring, and Woods Hole; representa-

tives of the Council and its Scientific and Statisti-

cal Committee; and scientists from Virginia Poly-

technic Institute and State University, including

Dr. James Berkson, who chaired the SAW.

The SAW’s major objectives were to conduct

an assessment of the stock of red porgy, Pa-

grus pagrus, off the southeastern US, and to con-

duct stock projections under various manage-

ment regimes (terms of reference, Appendix A).

In support of those tasks, the SAW received data

and recommendations from the red porgy data

workshop (DW) that was convened in March by

the Council and the Center. The DW was de-

signed to be the first step in the assessment pro-

cess, bringing together state and federal biolo-

gists with the needed expertise to decide which

data were appropriate for use in the assessment.

The SAW was designed to follow the DW, with

many of the same state and federal biologists

participating. Some of the decisions regarding

data made at the DW were refined during the

SAW. At both the DW and the SAW, all decisions

2Abbreviations, acronyms, and mathematical symbols

used in the report are listed in Appendix D on page 41.

affecting the assessment were made by consen-

sus of all participants.

2 Stock and fishery characteristics

The following material is excerpted and ex-

panded from the description of the stock and

fishery in Vaughan and Prager (2002).

Red porgy have an extensive range in warm wa-

ters of the Atlantic Ocean and adjacent seas: they

occur off the southeastern U.S. Atlantic coast; in

the Gulf of Mexico; off the South American At-

lantic coast from Brazil to Argentina; off Por-

tugal and Spain; in the Mediterranean Sea; off

west Africa south to the Cape Verde Islands; and

around the Azores, Madeira, and Canary Islands.

The stock unit analyzed here includes fish from

U.S. Atlantic waters off North Carolina (NC) south

of Cape Hatteras, South Carolina (SC), Georgia

(GA), and the east coast of Florida (FL), includ-

ing the Atlantic side of the Florida Keys (Monroe

County). Within that stock definition, red porgy

have been most abundant in NC and SC waters.

Tagging studies show neither long-range migra-

tions nor extensive local movements of adult red

porgy (Manooch and Hassler 1978), and there

is no circumstantial or anecdotal information to

suggest such movements.

Peak spawning occurs in March and April

(Manooch 1976). Red porgy eggs and larvae are

pelagic, hatch 28 to 38 h after fertilization, and

can survive transport by ocean currents for 30

days or more (Manooch et al. 1981). Thus, the

population off the U.S. Atlantic coast could in the-

ory receive eggs or larvae from the Gulf of Mex-

ico. However, because of the distances involved

and the variability of ocean currents, the likeli-

hood of regular population mixing in this way

seems small.

Red porgy attain maximum size slowly and live
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relatively long (an 18-year-old specimen is the

oldest on record), but maturity occurs at younger

ages. Roumillat and Waltz (1993) collected red

porgy, 1979–87, along the continental shelf be-

tween Cape Fear, NC, and Cape Canaveral, FL,

using trawl nets, traps, and hook-and-line. Life

history information was obtained from 7,104 red

porgy; 5,820 otoliths were examined (including

134 from historical or port samples), of which

5,491 had discernible rings; estimation of sex

composition was based on 6,044 red porgy. The

vast majority of females were mature by age 2.

Red porgy are protogynous hermaphrodites.

Thus, females predominate at smaller size inter-

vals, but males occur in all age groups.

Three major fisheries catch this stock of red

porgy: commercial, recreational, and headboat.

The fisheries were further subdivided for assess-

ment purposes, but are discussed here without

that subdivision. The most common commer-

cial gear has been hook and line, with occasional

commercial landings also from trawls and traps.

Trawling for red porgy has been banned since

January 12, 1989 (SAFMC 1988) (Table 1).

The recreational fishery is defined here to in-

clude all recreational fishing from shore, from

private boats and from charter boats (for-hire

vessels that usually accommodate six or fewer

anglers as a group). The headboat fishery (larger

for-hire vessels that charge per angler) is sam-

pled separately, and for that reason is distin-

guished here from other recreational fisheries.

Recreational and headboat fisheries, like the

commercial fishery, use hook-and-line gear al-

most exclusively.

Total landings increased during the 1970s and

early 1980s as the commercial fishery expanded,

rising from about 335 mt in 1972 to over 900 mt

in 1982. Except for a brief spike in 1988–1990,

landings declined steadily from the 1982 peak to

Table 1. Red porgy regulatory history

Period Amend- Details
ment

to 1992 — No size, bag, or trip
limits or seasonal clo-
sures

Jan
1989 to
present

1 Trawl gear banned

1992 to
Jan 99

4 12" TL minimum size

Feb 99 to
Aug 99

9 14" TL minimum size;
5-fish bag limit in rec-
reational fishery; sea-
sonal closure (March–
April) of commercial
fishery

Sep 99 to
Aug 00

Ma No landings allowed

Aug
00 to
present

12 1-fish bag limit in rec-
reational fishery; sea-
sonal closure (January–
April) of commercial
fishery; 50-lb trip limit
in commercial fishery

a Moratorium

Figure 1. Total landings of red porgy.
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the low of under 30 mt in 2000 (Figure 1).

The headboat fishery was predominant, 1972–

1977, accounting for 64% on average of landings
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Figure 2. Landings of red porgy by major fishery.
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in weight (Figure 2). From 1978, onward the com-

mercial fishery predominated, representing 53–

82% of annual landings. Recreational fisheries

seldom landed more than 10% of the total until

1999–2001, when they represented 34% of total

weight landed.

Commercial landings rose steeply during the

1970s, from 47 mt in 1972 to 729 mt in 1982,

then declined to around 400 mt in the late 1980s

(Figure 2). Landings during the 1990s averaged

around 200 mt until falling again in 1997. Hook

and line gear accounted for about 90% of com-

mercial landings overall, although trawl landings

accounted for as much as 25% of the annual to-

tal during some years in the early 1980s. Trawl

landings soon declined considerably, and trawl

gear was prohibited as of January 12, 1989, by

Amendment 1 to the Fishery Management Plan

(Table 1) (SAFMC 1988).

Length–frequency data show that the decline

in total commercial landings was largely a de-

cline in landings of large fish, accompanied

by a decline in modal length. Those patterns

are illustrated by the hook-and-line fishery, in

which length–frequency data are available con-

tinuously since 1976. (Other commercial gear

length–frequencies are only available sporadi-

cally through the time series). Modal length

peaks in 1977 at 480 mm, then declines to 310

Figure 3. Modal lengths in commercial hook-and-
line fishery.
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mm in 1992 (Figure 3). Increases and stability

from 1993–1998 and 1999–2001 were the result

of size limit restrictions. A 12" size limit was im-

plemented on January 1, 1992 (SAFMC 1991), and

a 14" size limit was implemented on February 24,

1999 (SAFMC 1998).

Expanding the commercial length–frequencies

by annual landings shows considerable declines

in landings of large fish over time. Most land-

ings in 1977, before commercial fishery expan-

sion, were distributed between 400 and 500 mm.

By 1982, when commercial landings peaked, the

mode dropped to just below 400 mm and land-

ings dropped sharply at lengths above 430mm

(Figure 4).

Total landings declined after 1982, with the

1987 length distribution revealing a large decline

in landings over 330 mm as compared to the

1982 peak. This pattern continues into 1992,

when the mode reached the series low of 310

mm and there was a further decline in landings

above the mode. The mode increased to 340 mm

during 1993–1998, reflecting an increase in min-

imum size of possession, with the 1997 distribu-

tion illustrating further drops in landings, due

to declining harvest of fish below the minimum

size. The 1999 distribution reflects both an ad-
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Figure 4. Landings at length over time in two red
porgy fisheries.
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ditional minimum size increase (shown as an in-

crease in the mode to 370 mm), and increased

harvest restrictions (shown as overall reduction

in landings across all size categories).

Recreational landings show no consistent

trend, averaging about 38 mt per year from

1981–2000, with a few years of 50 to 100 mt from

1984–1996 (Figure 2). Catch by mode of fishing

has been highly variable from year to year, but

on average landings in weight are evenly split be-

tween private/rental and the charter boat cate-

gories. No adequate length–frequency data are

available from recreational fisheries (other than

the headboat fishery), because sampling has been

insufficient.

Headboat landings declined steadily through

the series, from 400 mt in 1973 to around 100

mt per year in the 1980s and then to fewer than

50 mt per year in the 1990s (Figure 2). Most head-

boat landings have come from NC and SC.

Length–frequency data available from the

headboat fishery for 1972–2001 show trends

similar to the commercial hook and line length

frequency. Modal lengths vary without trend be-

Figure 5. Modal lengths in headboat fishery.
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tween 400 and 450 mm from 1972–1979, then

decline steadily to a low of 280 mm in 1991 (Fig-

ure 5). Regulatory related increases are apparent

in the 1990s although generally less pronounced

here than in the commercial hook and line data.

The trend in landings at length reflects both

a decline in total landings and a shift toward

smaller lengths through the series (Figure 4).

Landings at length in 1972 were tightly centered

around the mode from 430–450 mm. Initial de-

clines in landings through 1979 did not show

truncation of older ages or modal shifts, but by

1984 truncation was becoming apparent and the

mode declined to 350 mm. In 1991 the mode de-

clines further to 280 mm and landings at higher

sizes decline further. The mode increased in

1996 and again in 1999, with landings declines

apparent at lower sizes over this period.

Taken together, the abundance indices exhibit

a pattern of long-term decline, with some indica-

tion of increase in recent years (Figure 6). The
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Figure 6. Abundance indices for red porgy.
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“Florida” trap index, considered alone, appears

noisy; nonetheless, its highest value is in its first

year (1983) and its second–lowest value in its last

year. The chevron trap index declines slowly,

with an increase in abundance in the final year.

The two headboat indices show a long–term pe-

riod of decline (by perhaps 80%), followed by a

slight increase in abundance in the final years of

the second index.

3 Data workshop

Data for this assessment were prepared by a Data

Workshop (DW) that met for that purpose dur-

ing the week of March 11, 2002, in Charleston,

SC. Additional questions that arose during initial

model development and testing before the SAW

were resolved at the SAW itself.

Each working group at the DW made recom-

mendations on data to be used in this assess-

ment. All recommendations regarding the data

were made by a consensus of all DW participants.

Those recommendations are found in complete

form in the documents of the Data Workshop (on

the Red Porgy 2002 CD–ROM) and are summa-

rized here.

3.1 Findings of life-history working group

Unit stock The group agreed that red porgy in

the South Atlantic Bight form a unit stock.

Age–length keys It was noted that aging by

the NOAA Beaufort (NC) Lab and the SCDNR Lab

differs markedly. The decision not to use Vir-

tual Population Analysis (defined here as a catch-

at-age model that is solved backwards by co-

hort) made moot any discussion of the differ-

ent age–length keys derived from the two labs’

aging. Nonetheless, length-to-age conversion is
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an important aspect of any age–structured as-

sessment. An otolith exchange program was

initiated to provide data for computation of an

age–conversion matrix to be used in the age–

structured model planned for the stock assess-

ment. That allowed the assessment to be condi-

tioned on either group’s aging estimates.

Natural mortality rate The group recom-

mended a natural mortality rate M in the range

0.20–0.25/yr.

Release mortality The group recommended as-

suming release mortality of 35% (of fish caught

and released) for all fisheries except the recre-

ational fishery (MRFSS “B2” catches), for which

8% release mortality should be used. This rec-

ommendation was based on the study of Collins

(1996).

Maturity schedules The DW stated that data

from fishery-independent sampling are the best

maturity data available and recommended that

they be used in the assessment. Given the

plasticity in maturity exhibited over time, gear-

and period-specific maturity curves for females

should be used except for 1984–89 data from

blackfish and “Florida” traps (a type of trap, also

called snapper trap, whose use is not limited to

the waters off Florida), which could be pooled.

For males, maturity data were pooled by gear for

hook and line, blackfish trap, and Florida trap.

Data from chevron trap samples were not pooled.

Spawning–stock biomass The issue of how

to compute spawning–stock biomass is compli-

cated by the species’ protogyny. The DW recom-

mended performing the assessment with two al-

ternative methods of estimating spawning bio-

mass, female biomass and total spawning bio-

mass.

3.2 Findings of recreational fisheries work-

ing group

Two sources of recreational information are

available for use in the red porgy stock as-

sessment: the National Marine Fisheries Service

(NMFS) Headboat Survey and the NMFS Marine

Recreational Fisheries Statistics Survey.

Headboat landings Headboat landings are

available from 1972 to present from North

Carolina and South Carolina, and the majority of

red porgy landings in the South Atlantic are from

those states. Minor landings were reported for

the Cape Hatteras area from 1973–1976 (around

1000–3500 fish/yr from area 1), but those land-

ings were deleted on the recommendation of the

DW, because the northern limit of the stock has

been specified as below Cape Hatteras.

Landings from Georgia and northeast Florida

are available, 1976–present. That landings series

was extended back to 1972 through the use of re-

gressions of Georgia and north Florida landings

on Carolina landings. Similarly, landings from

south FL, available since 1981, were extended

back, 1972–1980, with zero-intercept regression

of southeast Florida landings on NC and SC land-

ings. These landing adjustments are relatively

small, and any biases are unlikely to affect as-

sessment results.

Before 1976, red porgies were reported in the

general category “porgies” in Carolina landings.

Data 1976–1980 were used to estimate the area-

specific proportion of red porgy to combined

porgies and the ratio was expanded based on cor-

rect data from the earlier period.
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Size distributions of headboat catches Head-

boat samplers measure length and weight of the

fish that they encounter. Those measurements

are available for the same time periods as head-

boat landings data, with one exception: mea-

surements are available from southeast FL, 1978–

1980, prior to availability of landings data from

the area. The group recommended that lengths

be combined across areas. Lengths were applied

to the estimated catch in numbers by year, area,

and wave (months 1–5, 6–8, 9–12).

Headboat abundance indices Headboat catch

rates were standardized with a general linear

model (GLM) run on catch in numbers divided

by anglers at the trip level (full day trips only)

separately for 1976–1991 and 1992–1998. Class

variables were year, month, area (2, 3, 5, 9, 10

and 2 combined with area 3)3. Breaking the time

series between 1991 and 1992 accounted for the

introduction of the 12" TL minimum size limit

with Amendment 4.

MRFSS landings The Marine Recreational Fish-

eries Statistics Survey (MRFSS) began in 1979;

however, the Data Workshop recommended ex-

cluding the first two years, as MRFSS revised their

data collection and estimation procedures. The

survey collects information from shore-based,

private-boat and charter-boat anglers. (Head-

boat landings were included in the early years,

but those data were removed from the MRFSS

database because the NMFS Headboat Survey cov-

ers that sector more completely.)

Red porgy are rarely encountered near shore;

thus, landings from the shore-based mode of

MRFSS were excluded by the DW. Mean land-

ings by private and charter boats from 1981–

1990 were used to extend those landings series

3The final analysis was done at the SAW.

back to 1972. In estimating landings in weight,

occasionally no fish were weighed in a given stra-

tum (year, subregion, state, mode, area). Such

missing weights were filled in using mean weight

of fish from neighboring strata, based first on

wave, then state, and worst case adjacent year.

The estimated release mortality rate of 8% from

Collins (1996) was used to modify catch of re-

leased fish. Concern continues about large vari-

ability in year-to-year estimates of private and

charter boat landings and generally large pro-

portional standard errors (ranging from about

20% up to almost 60%. A suggested alternate ap-

proach may be to apply an appropriate smoother

(running average or lo(w)ess).

MRFSS catch rates The group recommended

not using catch rates from MRFSS because few

intercepts either caught or targeted red porgy.

Similarly, the small numbers of red porgy en-

countered by MRFSS samplers precluded using

length measurements from MRFSS.

3.3 Findings of working group on commer-

cial landings

Red porgy landings data were not consistently

reported as red porgy in the earlier years; some

were placed in an “unclassified porgies” category.

To extract red porgy from the unclassified cat-

egory, the group examined reporting categories

for all porgies by state. It is believed that red

porgy from SC have been classified accurately

from 1989 to the present. In NC, accurate re-

porting of red porgy began in 1994. In GA and

FL, accurate reporting began in 1993.

To correct inaccurate reporting, years with ac-

curate reporting were used to determine the ratio

of red porgy to all porgies in each state. This ra-

tio was then applied to all porgies in the past to

compute the total landings of red porgy. How-
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ever, size restrictions can decrease the ratio of

red porgy to all porgy. The regulatory history of

red porgy involves a 12" minimum size limit im-

plemented in 1992 and a 14" minimum size limit

in 1999. South Carolina is the only state which

was believed to accurately report red porgy be-

fore the 12" minimum size limit; therefore, the

group used the ratio of red porgy to all porgy

for 1989–1991 as the correction factor for pre-

vious red porgy data in SC. For NC, GA, and FL,

the group used the ratio of ratios (red porgy:all

porgy from SC in 1989–1991):(red porgy:all porgy

from SC in 1992–1997) to compute the pre-size-

restriction ratio of red porgy to all porgy for

those states. Landings from SC and NC in the

“all porgy” category were obtained from state

records, while those from FL and GA were ob-

tained from the NMFS general canvass database.

In NC, there have been landings of “unclas-

sified porgies” from north of Cape Hatteras.

Such landings, which are known to be composed

entirely of scup, were not used in computing

NC red porgy landings. Furthermore, there are

some “unclassified porgy” reported from shrimp

trawls, and such landings, which are known to be

pinfish, were omitted.

Length data on red porgy from commercial

fisheries, 1983–2001, were extracted directly

from the NMFS TIP database. The group believes

that all relevant data for that time period have

been accumulated into that database.

3.4 Findings of MARMAP working group

The MARMAP working group at the Data Work-

shop addressed fishery-independent indices of

abundance that could be derived from the South

Carolina MARMAP survey program. MARMAP

has conducted reef-fish related sampling since

1979.

The group recommended two separate abun-

dance indices for use in the assessment: a

“Florida” trap index, 1983–1987, and a chevron-

trap index, 1990–2001. The group also calcu-

lated an abundance index from research hook-

and-line data, but recommended against using it

because of known variations in sampling proce-

dures and low catch rates. A fourth abundance

index, based on black seabass traps, was not rec-

ommended, as catch rates of red porgy in those

smaller traps were low.

The snapper-trap index is based on sampling

at fixed stations that primarily sampled the

nearshore South Carolina area. The chevron-trap

series, in contrast, sampled the Florida–North

Carolina area out to 50 fathoms. Examination

of many subsets of the data in space and time

revealed no important differences from patterns

seen in the candidate indexes using the entire

data sets.

Because of the different gear types, different

survey designs, and different geographic ranges,

the working group recommended the chevron

and snapper trap survey indices be used as sepa-

rate time series, rather than being combined into

one extended index. There were attempts to con-

duct paired trap stations in 1988–89, but because

of variations in sampling procedures those years

(tying traps to the vessel), closeness of the paired

deployments, and differences in range between

the surveys, the group recommended against de-

velopment of a calibration factor to link the two

surveys. Because gear efficiency was believed to

be strongly affected by tying the traps to the ves-

sel, the group also recommended against using

1988–89 observations as part of either time se-

ries.

Size– and age– composition data from the

MARMAP database were brought forward for use

in the assessment.
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4 Data issues resolved at SAW

The SAW considered additional data issues that

arose during development and preliminary appli-

cation of the age-structured assessment model.

A brief description of those issues and the reso-

lution chosen by the SAW follows.

4.1 General data issues

• The DW specified a range for natural mortal-

ity, M = 0.2–0.25/yr. The SAW decided to

run the age-structured model at the average

value in the range, M = 0.225, and to make

sensitivity runs at M = 0.2 and M = 0.25.

• For MRFSS private and charter landings,

1972–1980, the SAW used the 10-year aver-

age of landings, 1981–1990, to fill in other-

wise missing values.

• For charter landings in 1981 (reported as

zero by MRFSS), the SAW used value 0.0001

mt as a computational convenience. This

was also done for the commercial trawl land-

ings reported as zero in 1974. This deci-

sion simplifies programming but seems ex-

tremely unlikely to affect the assessment re-

sults.

• The SAW used a minimum sample size of 50

fish/yr for length frequencies in the trawl

and trap fisheries. Smaller samples were

omitted from these analyses. (These values

are used in the age-structured model to char-

acterize the length distribution of landings.)

• Fish lengths were aggregated into 10 mm

bins (size categories) for better sampled fish-

eries (i. e., those with larger sample sizes),

into 20 mm bins for less well sampled fish-

eries.

• The data workshop recommended using an

abundance index based on headboat catch

per unit effort (CPUE), 1972–1991, as the

management regime changed in 1992. The

SAW decided also to use a similar abundance

index for 1992–1998, which reflects a period

of consistent (but different) management, in-

cluding a size limit but no bag limit. The two

indices had selectivity and catchability esti-

mated separately.

• The SAW used headboat abundance indices

in weight per unit effort, for consistency with

other data series.

• Additional fish length distributions for SC,

1976–1983, were provided by SCDNR be-

tween the DW and the SAW, and they were

incorporated into the assessment data base.

• Florida commercial landings data for 1972–

1973 were reported as zero by the DW.

Corrected values were substituted from the

NMFS general canvass data base, adjusted

for “other porgies” as in other years.

• Length frequencies from MRFSS were

dropped because of small sample sizes

and to reduce model complexity; instead,

MRFSS fisheries (charter and private boats)

were assumed to have the same aggregate

selectivity as headboats.

• The SAW noted that NC inshore and offshore

catch rates for the headboat fishery were

found similar by the DW, and no difference in

trends was found. Only offshore catch rates

were used in computing abundance indices

from the SC headboat fishery.

• In the weeks preceding the SAW, narrow

gaps were found in reported MARMAP and

TIP length distributions. The gaps were at-

tributed to rounding of reported lengths and
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subsequent length conversions (fork length

to total length). The issue was resolved by re-

distributing measured fish across their own

length bins and forming a new length dis-

tribution that does not display narrow gaps

between well-represented lengths.

• Aging differs between NC and SC investiga-

tors. Two correction matrices were devel-

oped that allowed the analysis to be done

based on either SC or NC aging. Matu-

rity schedules were adjusted correspond-

ingly for the age-structured model.

• The Data Workshop recommended comput-

ing spawning–stock biomass in two ways, to-

tal mature population and based on females

only. Computations at the SAW were made

in total mature biomass, but because of time

constraints, it was not possible to make com-

plete parallel computations and analyses in

female biomass only. Even if such analy-

ses had been possible, their interpretation

would be problematic, as the relative impor-

tance of males and females to population

spawning success is not known.

4.2 Determination of CVs for modeling

The forward-projection model requires annual

estimates of the coefficient of variation (CV) of

various data series used for fitting. The SAW

spent considerable time discussing the best ap-

proach to take in specifying these, and reached

the following conclusions:

Headboat landings Headboat landings are con-

sidered among the most reliable landings data

available; they are considered a census and are

adjusted for missed records. In a SC study con-

ducted through the Atlantic Coastal Coopera-

tive Statistics Program, excellent agreement was

found between logbook data and validation data

(R. Dixon, pers. comm.). The group decided to

use the following ranges of CVs for headboat

landings: for 1972–1981, 0.1–0.15; for 1982–

2001, 0.05–0.1.

Commercial landings For commercial landings

data from the NMFS general canvass and ad-

justed by the DW and SAW, the group decided to

use the following ranges of CVs: for 1972–1983,

0.25–0.50; for 1984–93, 0.10–0.15; for 1994–

2001, 0.05 (no range).

Headboat abundance indices For the two

abundance indices based on CPUE in the head-

boat fishery, the group agreed to rescale the CVs

from the estimation procedure that generated

the indices to the range of 0.2–0.5, as the raw CVs

from the estimation procedure seemed too large.

Annual variation in CV was thus retained, while

the average CV was adjusted to be comparable to

those assumed for other data.

Fishery-independent (MARMAP) abundance in-

dices The group decided to take the same ap-

proach as for the headboat abundance indices.

The CVs computed for these abundance indices

were rescaled to the range 0.2–0.5.

5 Description of assessment models

5.1 Age-structured model

The data workshop recommended use of a

forward-projecting statistical age-structured

model as the primary assessment tool for red

porgy in 2002. This recommendation was

made in preference to tuned virtual population

analysis (VPA) for the following reasons:

• Forward–projecting models are more flex-

ible in formulation. Here, the ability to
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use length–composition data without ex-

ternally estimating the corresponding age-

compositions was thought useful, especially

because there is uncertainty about age de-

terminations in this species, as described

above.

• Forward–projecting models have not been

observed to result in retrospective patterns;

such patterns are common in virtual popu-

lation analyses (the other major form of age-

structured model), and were problematic in

VPA analyses in the last red porgy assess-

ment (Vaughan and Prager 2002).

The essence of forward–projecting age–

structured models is to simulate a population

that is projected forward in time like the pop-

ulation being assessed. Aspects of the fishing

process (i. e., gear selectivity) are also simulated.

Quantities to be estimated are systematically

varied from starting values until the simulated

population’s characteristics match available data

on the real population as closely as possible.

Such data include total catch by fishery and

year; observed length composition of catches by

year and gear; estimated age compositions of

catches by year and gear; and observed indices

of abundance, along with their age and length

compositions.

The method of forward projection has a long

history in fishery models. It was introduced by

Pella and Tomlinson (1969) for fitting produc-

tion models and then used by Methot (1989) in

his stock–synthesis model. The model developed

for this assessment is an elaboration of Methot’s

stock–synthesis model and very similar in struc-

ture to models used for assessment of Gulf of

Mexico cobia (Williams 2001) and Gulf of Alaska

sablefish (Sigler et al. 1997).

Age–structured forward-projecting models

share many attributes with ADAPT–style tuned

VPAs. The two types of model are compared in

Table 2.

5.1.1 Properties of age-structured model

The forward-projecting statistical age-structured

model for this assessment was implemented in

the AD Model Builder software (Otter Research

2000) on a microcomputer. The specific model

formulation and implementation used in this as-

sessment is here designated RPM2002. Its formal

definition is found in a computer file provided

separately on CD-ROM. The formulation’s major

characteristics can be summarized as follows:

Natural morality rate The natural mortality

rate was assumed constant over time.

Stock dynamics The standard Baranov catch

equation was assumed to apply. This implies

exponential fishing and natural mortality pro-

cesses.

Selectivity of fishery-independent gear The

two fishery-independent abundance indices are

assumed to have individual time–constant selec-

tivity vectors; the corresponding selectivity vec-

tors are estimated internally by RPM2002.

Selectivity of fishery-dependent gear Each

fishery is assumed to have constant selectivity

during each period of constant regulation and

time-varying selectivity in the absence of regu-

lation. The corresponding selectivity vectors are

estimated internally by RPM2002 and applied to

the corresponding fisheries and any abundance

indices derived from them.

Selectivity functions Selectivity was fit para-

metrically, using logistic models (most gears) or

double–logistic models (surveys using trap gear),
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Table 2. Comparison of tuned VPA (ADAPT formalism) and forward-projecting age-structured models
(as used in this assessment)

Model property Tuned VPA (ADAPT) Forward-projecting model

Catch equation Baranov Baranov

Order of computations Backward by cohort Forward by year

Natural mortality rate Usually assumed constant Same

Effort required to extend
model

Moderate to high Low to moderate

Data preprocessing prior
to model application

Moderate to extensive Much less

Estimated parameters Few to several Several to very many

Catch fitting Tries to match previously esti-
mated catch at age, influenced by
abundance indices

Tries to match total catch and size
composition, influenced by abun-
dance indices

Separability Varies; ADAPT not separable Usually, and may vary over time

Length-at-age model External to model Estimated in model

Recruitment model Fit from age-structured model re-
sults

Can be fit internally to age-
structured model

Periods of imprecision Retrospective patterns often ob-
served in final years

Earliest years’ estimates tend to be
imprecise

Typical fixed parameters F orN at age in last year, selectivity
of oldest age

Earliest recruitments or stock
sizes, possibly B/BMSY in first year

Objective function Total sum of squares on Na,y and
indices

Total likelihood on size composi-
tion, total catch, indices, other data

rather than estimating independent selectivity

values for each age. That approach reduces the

number of estimated parameters and imposes

theoretical structure on the estimates.

Growth A von Bertalanffy growth model, con-

stant over time, was estimated internally to

the model from length-composition and age-

composition data. A set of standard deviation-at-

age parameters were estimated for determining

the variance of length-at-age, assuming normal

distributions.

Recruitment A Beverton–Holt recruitment

model was estimated internally, and estimated

recruitments were loosely conditioned on that

model. The strength of that conditioning was

agreed upon by the SAW after examining a wide

range of alternatives, which gave similar results.

Biological benchmarks The benchmarks FMSY

and BMSY were estimated internally by the model

using the method of Shepherd (1982). In that

method, the point of maximum yield is identified

from the recruitment curve and other biological

parameters, such as those for growth and ma-
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turity. Selectivity at age must also be specified;

here, the model incorporated the catch–weighted

selectivities at age estimated for the last three

years (1999–2001).

Fishing Six fisheries were modeled individually:

commercial hook-and-line, commercial trawl,

commercial trap; recreational headboat, recre-

ational charterboat, recreational private boat.

Separate fishing mortality rates were estimated

for each fishery.

Abundance indices The model used four sep-

arately modeled indices of abundance, as

described above. They were two fishery-

independent indices (“Florida” trap, 1983–1987;

and chevron trap, 1990–2001) and two fishery-

dependent indices (headboat, 1976–1991 and

headboat, 1992–1998)

Fitting criterion The fitting criterion was a to-

tal likelihood approach in which total catch was

fit almost exactly, and the observed age– and

length–compositions, as well as the abundance

index patterns, were fit to the degree that they

are compatible. Relative statistical weighting of

each likelihood component for the base case was

chosen by the SAW after examining many candi-

date model runs. The criteria for choice were a

balance of reasonable fit to all available data and

a good degree of biological realism in estimated

population trajectory.

5.2 Age-aggregated production model

The age-aggregated production model used was

the (Prager 1994) form of the Graham–Schaefer

surplus-production model. This is a continuous-

time formulation, conditioned on catch, that

does not assume equilibrium conditions. By

conditioning on catch, the landings data are as-

sumed more precise than the abundance indices.

The model fits more than one abundance in-

dex by assuming they are correlated measures

of stock abundance and that differences between

indices can be considered sampling error.

Two forms of the production model were fit.

The first was the Schaefer (1954; 1957) model,

which assumes BMSY = 0.5K, where K is the car-

rying capacity of the stock (virgin stock size).

The Schaefer form is often used as a default be-

cause of its theoretical simplicity and because

it is considered a central case among possible

shapes of production model. The second form

was the Fox (1970) production model, which as-

sumes BMSY = 0.368K. The Fox model was

used because of the recent theoretical finding

(Thompson 1992) that in stocks with a nonde-

clining stock–recruitment curve, BMSY should be

less than 0.5K. While that finding lacks em-

pirical verification, its conclusion seems worthy

of investigation, especially when a nondeclining

(Beverton–Holt) recruitment curve is explicitly as-

sumed, as in the age-structured modeling here.

To fit the production models, a revised version

of the ASPIC software of Prager (1995) was used.

The main revision compared to the implementa-

tion of Prager (1995) was the added ability to fit

the Fox model.

6 Model application and results

6.1 Age-structured model

6.1.1 Description of base run and sensitivity

runs

Several runs of the age-structured model were

made, a base run (considered by the SAW the

most likely case), and a number of additional

runs to examine sensitivity of results to vari-
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ous assumptions. The base run used the data

from the Data Workshop with all adjustments de-

scribed above. The base run used M = 0.225/yr,

length-to-age conversion data from South Car-

olina, and the high end of the range of coeffi-

cients of variation (CVs) for landings data.

In addition to the base run, analyses were run

examining the effects of using the lower end of

the CVs for commercial and headboat landings,

North Carolina length-to-age conversion data, al-

ternative natural mortality rates, a truncated

time series of data (1984–2001), and approxi-

mate discard levels in recent years.

In the base run, the SC aging information was

chosen because in a comparison of ages read by

both groups from the same (approximately 100)

otoliths, the SC researchers identified some fish

as ages 0 and age 1, while the NC researchers

identified no fish younger than age 2. The group

was concerned that the NC aging might be com-

pressed to an unrealistically small group of ages,

although there was no way of determining at the

DW or SAW which, if either, set of age determi-

nations is correct. This issue is mentioned again

as a research recommendation in Section 9.

Both commercial and headboat landings re-

ports are assumed to be censuses, and as such

there is no uncertainty estimated for the re-

ported landings. However, issues of misidenti-

fication, discards, and other sources of uncer-

tainty that would be ignored if we assumed that

the landings are known without error. Therefore,

the SAW approximated uncertainty in the com-

mercial and headboat landings by using differ-

ent coefficients of variation, the years with the

earliest (1972–1984) landings having higher CV

ranges, intermediate CVs for the middle period

(1985–1993), and lower CVs for the recent years

(1994–2001), as described in Section 4.2.

Another sensitivity analysis used only data

from the shorter period 1984–2001 to evaluate

whether the more recent, higher quality data

would capture the same biological signal as the

longer time series did. That analysis was not in-

tended to be used as an estimate of stock status.

A final sensitivity run included estimates of dis-

carded fish not included in landings data.

6.1.2 Results of base run

Fits of the RPM2002 model to the abundance in-

dices were good (Figure 7), and the model was

able to match observed catches almost exactly.

Selectivities in the fisheries were estimated to

have shifted towards smaller fish, but to have

shifted back towards larger fish with recent man-

agement measures (Figure 8).

The model estimates that SSB has declined to

about 10% of its 1972 value and that resulting

recruitment has declined to about one-third of

its 1972 value (Figure 9). It is important to con-

sider that forward-projection models tend to-

wards greatest uncertainty in the earliest years,

and that catch sampling and catch statistics are

thought least reliable from that time, as well.

The interpretation of Figure 9 is that the stock

in 1972 had many large fish that were gradually

removed by the fisheries and not replaced as fish-

ing mortality rates increased.

The estimated stock–recruitment relation-

ship shows the usual scatter about the fitted

Beverton–Holt recruitment curve (Figure 10). The

apparent lack of fit for large SSB occurs because

the model was required to generate large recruit-

ments in a pre–1972 initialization period to ac-

count for the many large fish represented in the

length compositions from the early years. Avail-

able data are consistent with Figures 9 and 10,

but because of the nature of the model (Table 2),

the earliest years’ estimates represented in those

figures may be inaccurate.
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Figure 7. Observed (circles) and predicted (lines) abundance indices, from base run of age-structured
model (RPM2002).
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Exploitation rate over time is estimated to have

peaked around 1990 at about 35% in weight

(about 18% in numbers), and has dropped in re-

cent years to less than 10% in numbers or in

weight (Figure 11). The rate is higher in weight

than numbers because the smallest fish are not

taken in the fishery.

Table 3 presents additional estimates from the

base run and sensitivity runs of RPM2002 and

also results from the production models. Re-

sults of runs conducted strictly to check model

function or decide on weighting are not tabu-

lated. Estimates from the base run suggest that

the moratorium (September, 1999–August, 2000)

and Amendment 12 (September 2000–present)

have lowered the fishing mortality rate to about

45% of FMSY in 2001, but that 2001 spawning bio-

mass was still only about 43% of SSBMSY, which is

below MSST, which the SAFMC has set at MSST =

0.775BMSY (Table 3, Figure 12). In the terms

of the Sustainable Fisheries Act, the results im-

ply that the fishery in 2001 was not undergoing

overfishing (which the SAW believes is defined as

F > FMSY), but that the red porgy stock was over-

fished (depleted) in that year.

Confidence intervals in Table 3 are underesti-

mates of uncertainty in the assessment, as the

intervals reflect estimation error only, not uncer-

tainty about the input quantities. Confidence in-

tervals on RPM 2002 estimates were derived from

delta-method (Normal) approximation.

6.1.3 Results of sensitivity runs

Lower CVs The run using the lower range of

the commercial and headboat CVs on landings

instead of the upper ranges (run x57) produced

essentially the same estimates as the base run

(Table 3).
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Figure 8. Selectivities over time in two major fish-
eries for red porgy, estimated from base case of
RPM2002 model.
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Figure 9. Trajectories of SSB and recruitment of
red porgy, estimated from base case of RPM2002
model.
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Figure 10. SSB and recruitment of red porgy es-
timated from RPM2002 model with estimated
Beverton–Holt recruitment model.
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Figure 11. Exploitation rates (proportion of stock
harvested per year) estimated by base run of age-
structured model. B = rate in biomass; N = rate in
numbers.
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Age determination When the length-to-age in-

formation from North Carolina, which tends to

assign older ages, was used (run x58, Table 3),

the estimate of FMSY increased slightly and the

estimate of the ratio F2001/FMSY declined slightly.

The estimate of stock status (B2001/BMSY) did not

change appreciably; the most marked change

was that MSY was estimated somewhat higher

than in the base run. Use of NC aging in combina-

tion with low CVs (run x59) produced essentially

the same results (Table 3).
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Figure 12. Stock status and fishery status esti-
mated from base run of age-structured model.
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Natural mortality rate Model runs with a lower

natural mortality rate (M = 0.2/yr, run x60) or

higher mortality rate (M = 0.25/yr, run x61) re-

sulted in estimates similar to those of the base

run (Table 3).

Truncated data set This run was made to ex-

plore what our impression of stock status might

be if we had only recent data. In that case (run

x62), the estimate of stock status would be some-

what more optimistic than it is from the full data

set, but MSY would be estimated somewhat lower

(Table 3).

Approximated discards When an approxima-

tion for regulatory discards in recent years was

added to commercial and headboat landings (run

x63, Table 3), most results were not appreciably

different from the base run. The exception is that

fishing mortality rate in 2001 was estimated to be

a substantially higher than in the base run.

6.1.4 Summary of age-structured model results

The sensitivity runs encompassed many changes

to input data or model assumptions, yet the

model estimates of stock status and fishery sta-

tus did not change very much. The SAW believes

that this occurred because the signal in the abun-

dance indices (Figure 7) and patterns of size com-

position over time (Figures 3–5) are so strong

that only one interpretation is consistent with

the observed data. That interpretation is a se-

vere decline in abundance of the stock over time,

with signs of increase from the recent morato-

rium and Amendment 12.

6.2 Production model

6.2.1 Application of production model

Data used for production modeling were total

landings and the four abundance indices de-

scribed in Sections 3.2 and 3.4. Because the

abundance indices were all given the same rel-

ative statistical weights by the SAW in the base

age-structured model run, they were given equal

weighting for the production model, as well.

In stocks that display a sharp initial decline,

production model results can be sensitive to

the value assumed for B1/K, where B1 is the

biomass at the start of the time series, and K
is the carrying capacity. Ideally B1/K can be

freely estimated as a parameter of the produc-

tion model, but in some cases it can be quite

poorly determined, and in such cases a fre-

quently used technique is to fix the value of B1/K
(Punt 1990). To examine any such sensitivity,

model fits were made with fixed B1/K in the set

of values {0.65,0.75,0.85,0.95} and B1/K freely

estimated.

6.2.2 Results of production model

Using the logistic (Schaefer) production model,

fits to the index data series were generally good,

with the rather ragged “Florida” trap series prov-

ing most difficult to fit. That seems a conse-

quence of noise in the series, rather than model
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Figure 13. Trajectories of B/BMSY and F/FMSY

from logistic production model of red porgy. Plots
with open circles represent B1/K freely estimated
[top curve in (a)] or fixed at values 0.95, 0.85, 0.75,
0.65. Plot with filled diamonds is from shorter
data series, starting in 1984.
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insufficiency.

Results from the logistic model were not sensi-

tive to the value of B1/K specified (or estimated),

and estimated population trajectories for all val-

ues were indistinguishable after about 1990 (Fig-

ure 13a). Trajectories of relative fishing mortal-

ity rate differed even less (Figure 13b). The run

with B1/K freely estimated resulted in a reason-

able population trajectory, and since model re-

sults were not sensitive to the value of B1/K, the

run with B1/K freely estimated was chosen as

most representative (base run for the production

model).

Estimates of management quantities from the

logistic production model are similar to those of

the base age-structured model (Table 3). Like the

Figure 14. Trajectories of B/BMSY and F/FMSY

from Fox (1970) production model of red porgy.
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age-structured model, this model describes the

stock in 2001 as overfished (depleted) but not un-

dergoing overfishing. The confidence intervals

reported for production–model estimates (Table

3) tend to underestimate the uncertainty in the

analyses, as is true of most confidence intervals

reported for fisheries model estimates. Confi-

dence intervals for the production model were

derived from bootstrapping.

Trajectories estimated from the Fox produc-

tion model were similar to those estimated from

the Schaefer model (Figure 14), but slightly more

optimistic in terms of present status. How-

ever, the estimates of MSY and FMSY are both

lower than from the logistic model (Table 3). As

discussed below, some estimates from the Fox

model are more similar to those from the age-

structured model than are corresponding esti-

mates from the Schaefer model.

6.3 Comparison of models

Estimated trajectories of stock status and fishery

status from the models used in this assessment
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agree remarkably well, especially in the most re-

cent years (Figure 15). Given the different as-

sumptions used by each type of model and the

lack of age structure in the production models,

this degree of agreement increases the SAW’s

confidence in the assessment results.

Figure 15. Comparison of estimated fishery and
stock trajectories from age-structured model
(RPM2002) and Fox and Schaefer (logistic) produc-
tion models.
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Like the trajectories, estimates of management

quantities are quite similar between the produc-

tion models and the age-structured model (Table

3). As noted above, for theoretical reasons the

Fox model may be more consistent with the use

of a Beverton–Holt recruitment model by the age-

structured model used. It is therefore interesting

to see that, of the two production models, the Fox

model provides estimates of management quan-

tities that agree more closely to those from the

RPM2002 model.

Because the age-structured model incorpo-

rates far more information on the stock’s biology

and on the characteristics of the fishery, the SAW

considers the RPM2002 age-structured model (in

particular, base run x47b) the more reliable as-

sessment tool. As such, its estimates are con-

sidered most likely to be accurate, and the pro-

duction models and sensitivity runs are consid-

ered to give less definitive views of the popu-

lation. Nonetheless, all models give the same

basic picture of the stock’s status in 2001: the

stock was overfished (depleted), being reduced to

about 44% of SSBMSY, yet it was not undergoing

overfishing, as F2001 was about 45% of FMSY. The

production-model estimates vary from those fig-

ures by about ±5%, but are essentially the same.

6.4 Comparison to previous assessments

Results from the base run of RPM2002 are quali-

tatively consistent with results from earlier red

porgy stock assessments and stock-status up-

date reports. In an update report using age-

aggregated and age-structured production mod-

els, Vaughan et al. (2001) concluded that the

red porgy stock was in poor condition, i. e., that

the fishing mortality rate in 2000 was well be-

low MFMT (about 34%–44% of FMSY), and stock

biomass was well below MSST (about 13%–25%

of SSBMSY). Corresponding estimates from the

present assessment for 2000 are F/FMSY = 24%

and B/BMSY = 37%. The present results thus

agree qualitatively with the results of the stock

update report, but are more optimistic about the

degree of stock depletion.

A full assessment using data through 1997

and a natural mortality rate of 0.28/yr (Vaughan

and Prager 2002) estimated average F/FMSY for
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1992–1996 in the range 2.7–3.6 and B/BMSY for

the same period in the range 0.28–0.39. Those

ranges of estimates include the average esti-

mates of F/FMSY = 3.4 and B/BMSY = 0.29 for the

same time period from the present assessment.

Similarly, the previous assessment estimated a

decline in spawning biomass of 89% from 1975

to 1997, which is essentially the same as the es-

timate of 88% from the present assessment (Fig-

ure 12). Estimates of other management quanti-

ties from the RPM2002 base run differ somewhat

from the earlier assessment. Again, the two as-

sessments are in good qualitative agreement, but

quantitatively, they differ slightly.

The main differences between previous assess-

ments and this assessment were the extensive

data preparation by DW and SAW and the use

of an age-structured model not subject to exces-

sive recent-year uncertainty due to retrospective

patterns. The data-preparation process was time

consuming and labor intensive, yet because al-

most every data issue was resolved, the assess-

ment could take place with more certainty. The

use of RPM2002 instead of VPA allows much bet-

ter presentation of results, which do not have to

be averaged across recent years; and it is not nec-

essary to dismiss the resulting estimates of fish-

ing mortality rate or stock numbers in the most

recent years as questionable.

6.5 Additional information on CD–ROM

The Red Porgy 2002 CD–ROM produced by DW

and SAW participants contains additional infor-

mation about the RPM2002 model as used in this

assessment. Specifically, the CD–ROM includes

code, input files, output files, graphs, tables, and

similar technical material, as well as all data used

in the assessment. The CD–ROM also contains in-

put and output files from production modeling.

7 Biological reference points

7.1 Proxies and estimated reference points

The SAW’s scientific advice is that estimates of

FMSY, BMSY, and related quantities, from the base

run of this assessment (Table 3 on page 20) be

used instead of current proxies for MFMT and

MSST. In particular the SAW recommends con-

sideration of the status indicators F2001/FMSY and

B2001/BMSY. There is no need to use proxies, be-

cause the actual quantities have been estimated.

Also, existing proxies, which are based on spawn-

ing potential ratio (SPR), have not proven suffi-

ciently restrictive to maintain the stock (Vaughan

and Prager 2002, and this report).

Unfortunately, no firm theoretical basis is

known for deriving an SPR value to maintain

high sustainable yields without having detailed

knowledge of the species’ population character-

istics, knowledge that is sufficient to compute ac-

tual benchmarks. Several levels of SPR have been

recommended in the fisheries literature as gen-

eral cases, and those levels have tended to in-

crease as empirical experience has accumulated.

For example, Goodyear (1993) recommended 20%

to 30% as “critical levels,” Clark (1993) recom-

mended 40% (an increase from his earlier rec-

ommendation of 35%), and Mace (1994) recom-

mended using 40% SPR as a default in many con-

ditions. Clark (2002) found that “at low …levels

of resiliency, the F40% strategy results in unde-

sirably low levels of biomass and recruitment by

present-day standards.”

In summary, SPR proxies can be useful approx-

imations when management quantities cannot be

estimated. For red porgy, the use of SPR prox-

ies is unnecessary, and use of actual benchmarks

has a firmer biological basis.

3–25



7.2 Relationship of FMSY to M

The estimate of FMSY from the base run model is

0.19/yr, which is about 16% less than the value

M = 0.225/yr assumed for the natural mortality

rate. Knowledge of the theoretical and practical

relationships among biological reference points

is still evolving in fishery science. Nonetheless,

studies and reviews in the last 25 yr have con-

cluded thatM is best considered an upper bound

for FMSY and that assuming FMSY = M will lead

to unsustainable fishing in some stocks (Francis

1974; Deriso 1982; Thompson 1993; Quinn and

Deriso 1999). The estimate of FMSY from the base

case is consistent with those studies.

7.3 Protogyny and reference points

The protogynous nature of red porgy creates

complications in management not encountered

with gonochoristic species. Protogynous species

may switch from female to male as they age.

Selective removal of larger fish, predominantly

males, can effect the reproductive potential of

the population to some unknown degree. SSB in

this assessment combines males and females and

therefore assumes both sexes have equal contri-

butions to production of recruits. Preliminary ex-

amination of SSB by sex indicates the fast drop

in SSB in the early years of the fishery was due

to the removal of large males and male spawn-

ing biomass. The female spawning biomass was

reduced at a slower rate particularly after impo-

sition of minimum size limits.

In such a situation, a target fishing mortal-

ity with large minimum sizes in the fishery is

likely to result in differential mortality between

the sexes. Consequently, the target fishing mor-

tality may achieve the target SSB while the cor-

responding sex ratio of the population may not

be optimal for sustaining yield. For that reason,

Vaughan et al. (1992) recommended use of total

mature biomass, rather than female mature bio-

mass, in estimation of reference points based on

spawning biomass. The effect of fishing on the

transition rate from female to male has not been

well studied. In devising management measures

to rebuild the spawning stock, the size and sex

structure of the target SSB should be considered

as well as its total biomass.

8 Stock projections

To evaluate the likely effects of possible future

management measures, simulations were used

to project the stock forward, starting with stock

status estimated by the base run. That stock sta-

tus was projected ahead 25 years into the future

based upon each of four fixed–F management

regimes derived from recent regulations (Table

1). Projections under each management regime

were repeated 1000 times. Details of projections

are in spreadsheet file rp_rebuild.xls on the

CD–ROM.

8.1 Structure of simulations

Projections used a simulated age-structured pop-

ulation with a stochastic spawner–recruit model

to generate recruitments. Stochastic fishing mor-

tality was applied in each of the 25 years of each

simulation.

The 25–year projection under each manage-

ment regime was repeated 1000 times, with

different stochastic recruitment and fishing-

mortality values applied for each realization.

The rebuilt state was defined as the stock’s reach-

ing SSBMSY = 3049.5 mt, a value estimated by the

base case run (Table 3). The proportion of re-

alizations that reached or exceeded the rebuilt

state in each projection year was used as an es-

timate of the stock’s probability of attaining the
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rebuilt state by January 1 of that year under that

management regime.

Initial stock size and F Initial (2001) stock

sizes at age were as estimated by the base run

from this assessment. Each projection applied

the estimated F from run x63 (the sensitivity run

with estimated discards; Table 3) to the first year

(2001) of the calculations.

Life-history parameters Proportions mature at

age, sex ratios at age, and release mortality rates

(35% commercial, 8% recreational) were those

provided by the Data Workshop.

Stock–recruitment model Population projec-

tions require a stock–recruitment model. Here,

the Beverton–Holt model and its parameters as

estimated in the base run were used. The model

was stochastic, as described below.

Biological reference points Biological refer-

ence points (MSY, FMSY, BMSY) were those esti-

mated within the base run.

Stochasticity All projections carry an element

of uncertainty greater than assessment itself;

in these projections, stochasticity (randomness)

was incorporated in two places, recruitment and

fishing mortality.

Stochastic recruitments were simulated from

the estimated stock–recruitment relationship

with a nonparametric bootstrap procedure. In

that procedure, predicted recruitments were

based on the model’s predicted recruitment, with

a multiplicative error (variation) defined by the

logarithm of a randomly-chosen residual from

the stock–recruitment model fit. Thus, a degree

of variation about the ideal stock–recruitment

curve was maintained, similar in magnitude to

the variation in the estimated SSB and recruit-

ment values from the assessment.

Fishery management is thought to exercise im-

perfect control of fishing mortality rate; thus, im-

plementation uncertainty of management is an

important consideration. This was incorporated

into the simulations by drawing each year’s value

of F from a random distribution. The distribu-

tion used was a uniform distribution with range

0.5 to 1.5 times the nominal value of F . In the

following, the phrase “fixed F” is used to signify

that this nominal value of F did not change from

year to year. The realized value did change, in ac-

cordance with the stochastic procedure just de-

scribed.

8.2 Fishing mortality rates for projections

Each projection began in 2001 by applying the

fishing mortality rate estimated from the sensi-

tivity run with discards (Table 3, run x63) for

that year to population sizes estimated for the

same year. In the remaining years of each projec-

tion, constant nominal F over time was applied,

based on one of four management regimes. The

regimes considered were:

1. F = 0

2. F = bycatch mortality only (moratorium)

3. F as in Amendment 9

4. F as in Amendment 12

Determining a nominal value of F to repre-

sent each of the preceding regimes was not com-

pletely straightforward. The exception was the

F = 0 regime, which is trivial (no catch, bycatch,

or catch-and-release mortality). However, setting

F for the other regimes was more difficult.
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8.2.1 Initial approach

An initial approach produced an approximation

of F due to Amendment 12 much higher than the

fishing mortality rate estimated by the base-case

assessment for 2001, the only complete year in

which Amendment 12 was in place. Therefore,

the initial approach was modified to take into ac-

count the estimates from the base case.

The initial approach for the three management

regimes with F �= 0 was based on estimating

proportional reductions in F , or savings (to the

stock), due to the moratorium or Amendment 9

or 12. (The procedure is described in detail in Ap-

pendix C.) The raw savings proportion was cal-

culated relative to average fishing mortality rates

in 1992–1998, when Amendment 4 was in place

(Table 1).

Raw savings proportions (Table 4 on page 40)

were multiplied by (1 − Ri) by fishery, where Ri
is the catch-and-release mortality rate for fish-

ery i, to compute net savings proportions. This

step simply reduces the projected savings to the

stock by the catch-and-release mortality rate, un-

der the assumption that fishermen are unable to

avoid catching fish, but release them in accor-

dance with the management regime in place. The

complement of net savings proportion Pi for fish-

ery i is defined as 1−Pi. Multiplying the comple-

ments, weighted by fishery, by the mean F for

1992–1998 from the base run gave the overall

approximation F = 0.326/yr for fishing under

Amendment 12.

8.2.2 Final approach

Amendment 12 When considering the above

approximation of F = 0.326/yr for Amendment

12, the SAW noted that F for 2001 (when Amend-

ment 12 was in place) was estimated to be much

lower (0.09/yr) by the base assessment. This dis-

crepancy suggested that greater reductions in F
were realized by Amendment 12 than were for-

malized in the initial calculations. The SAW de-

cided, however, that simply using the estimate

of F2001 from the base assessment would un-

derstate F under Amendment 12, because con-

siderable unreported discarding is believed to

have taken place under Amendment 12. An age–

structured model sensitivity run was made with

approximated increased discards during 1999–

2001 (run x63, Table 3), and the SAW selected

F2001 = 0.107/yr from that run as the most

appropriate value for use in projections under

Amendment 12.

Amendment 9 Because Amendment 9 was in

place only from February through August of

1999, there is no estimate of F from the base run

that would characterize Amendment 9. The SAW

proceeded by assuming that the initial approach

was biased in estimating F for Amendment 9 sim-

ilarly to its bias in estimating F for Amendment

12. The SAW then made a proportional increase

to the base-case F for Amendment 12 to arrive at

F for Amendment 9.

To approximate the F under Amendment 9,

then, the initial calculation of savings from

Amendment 9 was adjusted by release mortality

and then averaged across fisheries, giving over-

all savings of 11.1% (14.4% before adjustment for

release mortality). Averaging savings by fishery

and using the base-run mean F for 1992–1998

gives the initial approximation F = 0.527/yr. Ap-

plying the proportional reduction actually gained

by Amendment 12, the SAW arrived at the ap-

proximate value F = 0.527 × 0.107/0.326 =
0.173/yr for use in projections under Amend-

ment 9.
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Figure 16. Projections of the red porgy stock for
25 years. Annual probabilities of attaining rebuilt
state under four management regimes.
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Moratorium Fishing mortality under a morato-

rium would be composed solely of catch-and-

release mortality. Unfortunately, there are no

data that would allow approximation of the num-

ber of fish caught and released under a morato-

rium. Because of this uncertainty in knowing the

gain from a moratorium, F for this situation was

assumed to be one-half of that for Amendment

12, or 0.0535/yr.

8.3 Projection results

The first year of all projections applied the fish-

ing mortality rate in 2001 (F2001) to the stock

biomass in that year (B2001). In that sense, the

first year was a direct extension of the assess-

ment model, rather than a projection. That pro-

cedure estimates a slight increase in spawning–

stock size during 2001, from 1326 mt to 1379

mt, or about 4%, equivalent to SSB2002/SSBMSY =
45.2%.

Under F = 0, the probability of attaining the

target is essentially zero until 2008, when it

reaches about 3.5%. The probability first exceeds

50% in 2010, when it is 87% (Figure 16). Under

a moratorium, the probability of reaching the re-

built state is about 5% in 2010 and first exceeds

50% in 2013, when it is 57%. Under Amendment

12, the probability of reaching the rebuilt state is

about 4% in 2013 and first exceeds 50% in 2018,

when it is 51%. Under Amendment 9, the proba-

bility of reaching the rebuilt state rises to 8% in

2025, the last year of the projections.

A more detailed picture of the projection re-

sults is given by looking at the 5th, 50th (me-

dian), and 95th percentiles of outcomes for each

management regime by year (Figure 17). In par-

ticular, it can be seen that gradual stock building

is predicted under Amendment 12, and an even

more gradual stock building is predicted under

Amendment 9. Projections are by nature uncer-

tain, but these projections represent the SAW’s

best estimates of possible stock building scenar-

ios for the four management options requested.

9 Research recommendations

The SAW discussed aspects of the biology, sam-

pling, and assessment of this population that

make accurate and precise assessment more dif-

ficult. Execution of the following recommenda-

tions for research and data management could

improve future assessments of red porgy.

1. The discrepancy between SC and NC aging is

a major one that must be resolved, prefer-

ably before the next assessment. The SAW

recommends that as soon as possible, the

NC and SC investigators meet and share age

readings techniques, to resolve the system-

atic discrepancies in age determinations, if

possible. The SAW further recommends that

research be undertaken that will accomplish

verification of aging in red porgy.

2. The protogyny of red porgy is a life–history

feature that complicates assessment and

management. The SAW recommends that
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Figure 17. Projections of the red porgy stock for
25 years under four management regimes.
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sampling for sex ratio at length be instituted

in each fishery and that population sampling

for sex ratio at length be continued by the

MARMAP program. The SAW further recom-

mends that research be instituted into as-

sessment and population-projection meth-

ods that can make better use of sex-ratio

data that exist now and that may exist in the

future.

3. Under many forms of management, consid-

erable discarding of red porgy could be ex-

pected to occur. The SAW recommends

that sampling programs be initiated to quan-

tify discard rates, especially in the com-

mercial fishery, where the discard mortality

rate is believed higher, and to estimate dis-

card mortality rates. The SAW recommends

that research be instituted on management

strategies that could reduce discard mortal-

ity and also research to illustrate the effects

of discard mortality. The SAW also recom-

mends that socioeconomic research be con-

sidered on educational measures to assist

fishery participants in minimizing discard

mortality and understanding the value of do-

ing so.

4. Fishery-independent data collected by the

MARMAP program have served an impor-

tant role in understanding the dynamics of

this population, and the National Research

Council has recommended that fishery-

independent data play a more important role

in stock assessment generally. However, the

MARMAP sampling programs have been crit-

icized by some as not having ideal extent,

both in area coverage and in sampling inten-

sity, for red porgy. The SAW recommends

that the MARMAP program expand its cover-

age as needed.
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5. During the DW and SAW, it was noted that

some incomplete, or misleading data have

been entered in the NMFS general canvass

data base. In particular, some data are avail-

able only under aggregated categories (e. g.,

porgies), even when accepted corrections to

provide estimates of red porgy landings ex-

ist. The SAW recommends that state agen-

cies contact and work with NMFS personnel

maintaining the general canvass data base

to make sure that data in that central data

base are at the most disaggregated level pos-

sible and as accurate as possible. The goal

is that future red porgy assessment should

be able to use data from the general canvass

data base with confidence and without fur-

ther corrections.
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Appendix A Terms of reference for

red porgy SAW

The Stock Assessment Workshop’s task is to pro-

duce an assessment of the red porgy stock, in-

cluding analyses of stock rebuilding. This work

should be done with reference to the U.S. Sus-

tainable Fisheries Act and its National Standards,

which govern the Council’s management. A

written final report, providing an overview of

the analyses, general findings, and recommenda-

tions of the workshop, will be available by con-

clusion of the workshop. A detailed technical ad-

dendum on the models used will be available no

later than one week following the workshop.

1. Identify modeling approaches appropriate

to the available data and management

questions (e. g., production models, age-

structured models, hybrids).

2. Determine suitability of current proxies for

SFA benchmarks and suitable approaches

for estimating actual SFA benchmarks.

3. Estimate stock status (biomass) and fishery

status (fishing mortality rate) relative to ap-

propriate SFA benchmarks. Is the stock over-

fished; is overfishing occurring?

4. Identify and conduct rebuilding analy-

ses comparing management options from

Amendment 9, Amendment 12, Moratorium,

for F = 0, and for other possible scenarios.

5. Provide recommendations for future re-

search (field and assessment).

A list of additional specific questions from the

Council may be developed and if so, it will be

presented to the Stock Assessment Workshop at

its meeting.
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University
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Appendix C Initial approximation of

effects of management

measures

C.1 Introduction

Prior to 1992, no regulations on red porgy were in

place. In 1992, a 12" TL minimum size limit was

put in place, followed by a 14" TL minimum size

limit in 1999. Amendment 12 to the SAFMC Fish-

ery Management Plan for the Snapper–Grouper

Complex consists of the following regulations

concerning red porgy. For the recreational fish-

eries (charter and private boat and headboat)

there was a 1–fish bag limit. For the commercial

fishery (primarily lines and traps), there was a

four–month closure (Jan–Apr) and 50-lb trip limit

(May–Dec).

For the purpose of adjusting age-specific fish-

ing mortality rates from a base period (e. g.,

1992–1998 during which there was the 12" TL

minimum size limit), savings from the above reg-

ulations are calculated based on the legal size

fish (red porgy 14" TL), because savings are ap-

plied relative to F on legal size fish, while release

mortality is used to reduce F on sublegal size

fish.

Because comparisons are to a base period

(1992–1998), it was assumed that the population

size was approximately constant during the base

period and that reductions in landings (as pro-

portions) were proportional to reduction in aver-

age F for the base period.

C.2 Recreational fisheries

Charter and private boat data are from MRFSS;

headboat data are from Beaufort Laboratory

Headboat Program.

Because savings from the 1-fish bag limit are

calculated conditioned on historical trip data

(1992–1998) with information on size of fish cap-

tured, a subset of trips for which at least 1 fish

was measured form the basis of this analysis.

There were 79 trips representing 418 anglers

from charter boats, 29 trips representing 77 an-

glers from private boats (no data for 1998), and

607 trips representing 24,533 anglers from head-

boats that met this criteria for 1992–1998. Be-

cause not all fish landed from a trip were mea-

sured, it was necessary to proportionally expand

the observed size frequency for the subset of

measured fish to all fish caught in a trip. The per-

cent of red porgy measured for trips with at least

one fish measured was 35% of fish landed for

charter boat trips, 31% for private boats, and 10%

for headboats. Thus, while there were a greater

number of trips and anglers represented in the

headboat data, expansion for unmeasured fish

was significantly greater for the headboat anal-

ysis.

In addition, fish landed during a trip may rep-

resent landings from multiple anglers (especially

for headboat). To convert these trips to angler-

trips, two alternate approaches were used de-

pending on the number of red porgy landed com-

pared to the number of anglers on the trip. When

the number of anglers for a trip equaled or ex-

ceeded the number of red porgy landed, then

the landings per angler-trip was one fish and the

number of trips equal to the number of red porgy

landed (these trips would be unaffected by the

one-fish bag limit). When the number of red

porgy landed exceeded the number of anglers,

then the number of legal fish under a one-fish

bag limit was equal to the number of anglers.

The proportion of red porgy saved by the one-

fish bag limit would be the number of fish caught

minus the number of fish landed with a one-fish

bag limit divided by the number of fish landed.

To separate savings due to the one-fish bag limit
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from that of the 14" TL minimum size limit, the

above calculations were based only on the ex-

panded number of fish landed greater or equal

to 14" TL.

C.2.1 Charterboat fishery

There were 79 trips between 1992 and 1998 for

which at least one red porgy was measured. As-

sociated with these trips were 418 anglers and

816 red porgy landed. Because of the 14" TL min-

imum size limit, the number of fish per angler-

trip, savings (unadjusted for release mortality)

was calculated based on red porgy greater than

or equal to 14" TL. For 1992–1998, 795 red porgy

were landed, of which 147 were greater than

or equal to 14" TL. If a 1-fish bag had been in

place, then 95 red porgy would have been re-

tained legally, or a savings of 35.1% [100×(147−
95)/147]. Annual estimates range from 0% in

1997 (only 1 fish over 14" TL) to 63.6% in 1995

(39 fish over 14" TL and 14 landed under a 1-fish

bag limit). Note that of the 5 trips and 46 fish re-

ported caught in 1998, none of the fish measured

were greater than or equal to 14" TL.

C.2.2 Private boat fishery

There were 29 trips between 1992 and 1998 for

which at least one red porgy was measured. As-

sociated with these trips were 77 anglers and 203

red porgy landed. Because of the 14" TL mini-

mum size limit, the number of fish per angler-

trip, savings (unadjusted for release mortality)

was calculated based on red porgy greater than

or equal to 14" TL. For 1992–1998, 203 red porgy

were landed, of which 102 were greater than

or equal to 14" TL. If a 1–fish bag had been in

place, then 15 red porgy would have been re-

tained legally, or a savings of 85.4% [100×(102−
15)/102]. Annual estimates range from 0% in

1993 and 1995 (only 1 fish over 14" TL in each

year) to 96.3% in 1996 (81 fish over 14" TL and 3

landed under a 1-fish bag limit).

C.2.3 Headboat fishery

There were 607 trips between 1992 and 1998

for which at least one red porgy was measured.

Associated with these trips were 24,533 anglers

and 30,746 red porgy landed. Because of the

14" TL minimum size limit, the number of fish

per angler-trip, savings (unadjusted for release

mortality) was calculated based on red porgy

greater than or equal to 14" TL. For 1992–1998,

30,746 red porgy were landed, of which 11,650

were greater than or equal to 14" TL. If a 1-

fish bag had been in place, then 8,478 red porgy

would have been retained legally, or a savings of

27.2[100× (11650− 8478)/11650]. Annual esti-

mates range from 14.4% in 1996 (1,804 fish over

14" TL and 1,544 fish landed under a 1-fish bag

limit) to 34.5% in 1992 (1,860 fish over 14" TL and

1,218 landed under a 1-fish bag limit).

C.3 Commercial fishery

A similar approach was used for the commer-

cial fishery as for the recreational fisheries. Sav-

ings from 50-lb trip limit and seasonal closure

were calculated from logbook data from 1992–

1998 (logbook data for 1992 was based on 20%

selection versus 100% selection for 1993-1998).

Where necessary, gutted weight were converted

to whole weight (whole = 1.04 × gutted). Be-

cause of the difficulty associated with merging

the logbook data base (trip information) with the

TIP data base (size information), an alternate ap-

proach was used for reducing the trip estimates

from the logbook data for fish less than 14" TL.

Length information from the TIP data base was

converted to weight based on the weight-length
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relationship determined from the MARMAP Ag-

ing Data Base (1979–1994). Stratifying the TIP

data base by gear (lines and traps), year, month,

and state, the weight was summed over fish less

that 14" TL and fish greater than or equal to 14"

TL. The proportion of fish greater than or equal

to 14" TL was then applied to the trip estimates

from the logbook within the same stratum. When

this proportion was not available for a particular

stratum, the following pooling was used. First,

TIP data were pooled over months. This was suf-

ficient for all of the line gears (the great majority

of landings). For the trap data it was necessary in

some cases to pool within a year, and finally the

overall proportion for 1992–1997 was applied to

1998 when no trap lengths were available. Sav-

ings were calculated from both trip limit and sea-

sonal closure jointly based on gutted weight.

For the period 1992–1998, total commercial

landings of 2,324,125 pounds whole weight was

landed as reported by logbook. A total of

1,534,293 pounds was landed that were greater

than or equal to 14" TL, of which 412,757 pounds

would have been landed with the closed sea-

son and a 50–lb trip limit, giving a savings of

about 73.1%. Annual savings from closed season

and trip limit ranged between 63.5% in 1998 and

77.8% in 1994.

Estimated savings from the recreational and

commercial fisheries are summarized by year

and overall in Table 4. Similar calculations were

done for Amendment 9 and included in Table 5.

These calculations consist of the same 14" TL

minimum size limit, but with a 5-fish bag limit

for recreational fisheries and a 2–month closed

commercial season (Mar–Apr).

Table 4. Computed savings of red porgy from
Amendment 12 for legal size fish (14" TL) com-
pared to 1992–1998 base period. Recreational
controls also include a 1-fish bag limit; commer-
cial controls are a 4-month closure (Jan–Apr) and
50-lb trip limit (May–Dec).

Year Charter Private Headboat Comml.

1992 6.9% 52.9% 34.5% 71.3%
1993 38.0% 0.0% 24.5% 74.6%
1994 21.7% 54.5% 34.0% 77.8%
1995 63.6% 0.0% 27.6% 76.0%
1996 40.0% 96.3% 14.4% 70.7%
1997 0.0% 36.8% 29.8% 71.0%
1998 N/C N/A 29.8% 63.5%

Overall 35.1% 85.4% 27.2% 73.1%

Note: see file Recreation Bag Size.xls for
more detail on recreational calculations, and
Commercial Trip&Size.xls for more detail on
commercial calculations.

Table 5. Computed savings of red porgy from
Amendment 9 for legal size fish (14" TL) com-
pared to 1992–1998 base period (12" minimum
size). Recreational controls also include a 5-fish
bag limit; commercial control is a 2-month closure
(Mar–Apr).

Year Charter Private Headboat Comml.

1992 0.0% 0.0% 0.6% 18.1%
1993 0.0% 0.0% 0.0% 15.1%
1994 0.0% 0.0% 0.0% 16.8%
1995 27.0% 0.0% 2.1% 20.3%
1996 10.0% 86.2% 0.0% 13.6%
1997 0.0% 0.0% 0.0% 13.2%
1998 N/C N/A 0.3% 15.0%

Overall 9.2% 68.3% 0.4% 16.1%

Note: see file Recreation Bag Size.xls for
more detail on recreational calculations, and
Commercial Trip&Size.xls for more detail on
commercial calculations.
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Appendix D—Abbreviations and symbols

Table 6. Acronyms, abbreviations, and mathematical symbols used in this report

Symbol Meaning

ADAPT A type of tuned VPA often used in assessment of North Atlantic fish stocks
B Total biomass of stock
BMSY Total stock biomass at which MSY can be attained (in production models)
CPUE Catch per unit effort; used after adjustment as an index of abundance
DW Data Workshop for red porgy
F Instantaneous rate of fishing mortality
FMSY Fishing mortality rate at which MSY can be attained
FL State of Florida
GA State of Georgia
K Average size of stock when not exploited by man; carrying capacity
M Instantaneous rate of natural (non-fishing) mortality
MARMAP Marine Resources Monitoring, Assessment, and Prediction Program, a fishery-

independent data collection program of SCDNR
MFMT Maximum fishing-mortality threshold; a limit reference point used in U.S. fishery man-

agement; often set to FMSY

MRFSS Marine Recreational Fisheries Statistics Survey, a data-collection program of NMFS
MSST Minimum stock-size threshold; a limit reference point used in US fishery management.

The SAFMC has defined MSST for red porgy as (1−M)BMSY = 0.775BMSY.
MSY Maximum sustainable yield
mt Metric tons(s)
NC State of North Carolina
NMFS National Marine Fisheries Service
NOAA National Oceanic and Atmospheric Administration; parent agency of NMFS
R Recruitment
RPM2002 The forward-projecting age-structured assessment model used here; see §5.1
SAFMC South Atlantic Fishery Management Council
SAW Stock Assessment Workshop for red porgy
SC State of South Carolina
SCDNR Department of Natural Resources of SC
SSB Spawning-stock biomass
SSBMSY Spawning-stock biomass at which MSY can be attained (in age-structured models)
TIP Trip Interview Program, a fishery-dependent biodata collection program of NMFS
TL Total length (of a fish), as opposed to FL (fork length)
VPA Virtual population analysis, an age-structured assessment model characterized by

cohort-wise computations backward in time; “tuned” VPA also employs abundance
indices to influence the estimates

yr Year(s)
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